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Japanese Patent Kokai No. Hei- 165234 
Filing Date: June 11, 1992 

5 THERMOELECTRIC CONVERTER UNIT 

What is Claimed is : 

1 . A thermoelectric converter unit, comprising: 

a plurality of N-type thermoelectric elements, endothermic electrode plates, 
10 P-type thermoelectric elements and radiation electrode plates that are placed in this 

order in a ring shape; 

an endothermic heat exchanger protruding to one side along an axial line of 
said ring-shaped thermoelectric converter unit and coupled with said endothermic 
electrode plates so that heat is transmitted thereto; 
15 a radiation heat exchanger protruding to an opposite side from said 

endothermic heat exchanger along the axial line of said ring-shaped thermoelectric 
converter unit and coupled with said radiation electrode plates so that heat is 
transmitted thereto, wherein said endothermic and radiation heat exchangers including 
fan blades respectively coupled with said endothermic and radiation electrode plates. 

20 

Detailed Description of the Invention 

Field of the Invention 

This invention relates to a thermoelectric converter unit consisting of a P-type 
thermoelectric element using N-type semiconductor and N-type thermoelectric element using a 

25 P-type semiconductor for sending cooling and heated air. 
Background of the Invention 

A conventional thermoelectric converter is for example disclosed in Japanese Patent 
Kokai No. Sho 53-99796 as shown in Fig. 7. A plurality of N-type thermoelectric elements 
711, 712... constituted by N-type semiconductors and a plurality of P-type thermoelectric 

30 elements 721, 722... constituted by P-type semiconductors are alternately and linearly 
disposed with an interval, wherein they are connected in series by endothermic electrode plates 
73 1 , 732 . . . and the radiation electrode plates 741 , 742 . . .that are provided in different surfaces. 

1 



A power source is connected to both ends of this serial circuit. Thereby, temperature at the 

endothermic electrode plates 731, 732... forming N-P junction in which electric current flows 

from N-type thermoelectric elements 711, 7 12... to the P-type thermoelectric elements 721, 

722... becomes low due to Peltier effect. Conversely, temperature at the radiation electrode 
5 plates 741, 742... forming P-N junction in which the electric current flows to the opposite 

direction becomes high. 

In a surface in which the endothermic electrode plates 731, 732... are situated, an 

insulation board 75 is provided. Conversely, in a surface in which the radiation electrode 

plates 741, 742... are situated, an insulation board 76 is provided. The thermoelectric 
10 converter unit is supported by these insulation boards 75 and 76. In an external side of each 

insulation board 75 and 76, endothermic heat exchangers 77 and 78 constituted by a conductive 

metallic material are respectively mounted, 

In the above-arranged thermoelectric converter, the insulation boards 75 and 76 are 

provided in order to avoid electrical short-circuit caused by the endothermic and radiation heat 
15 exchangers 77 and 78 between the adjacent endothermic electrode plates 731, 732... and the 

adjacent radiation electrode plates 741, 742... 

The low temperature state at the endothermic electrode plates 731, 732.. . and the high 

temperature state at the radiation electrode plates 741, 742... are transmitted to the heat 

exchangers 77 and 78 through the insulation boards 75 and 76 with poor thermo-conductivity, 
20 resulting impaired endothermic efficiency and radiation efficiency. In addition, the electric 

current flowing inside the thermoelectric converter unit flows into the electrode plates 731, 

732... and 741, 742... respectively. As a result, Joule heat is generated in each electrode plate 

due to electrical resistance therein, impairing cooling effect. 

Furthermore, when the heat exchange is carried out in the air flow, this prior art 
25 invention requires a ventilation mechanism for the endothermic heat exchanger 77 and the 

radiation heat exchanger 78 respectively. This is quite disadvantageous because such 

ventilation mechanism increases size of the entire system. 

Object of the Present Invention 

The present invention is designed to solve the above-described problem. It is an 
30 object of the present invention to provide a small thermoelectric converter that allows excellent 

heat exchanging efficiency in which heat is effectively taken out from the endothermic and 
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radiation electrode plates and good ventilation system without requiring a separate ventilation 
mechanism. 

Means to Solve the Problem 

The thermoelectric converter unit of the present invention consists of a plurality of N- 
5 type thermoelectric elements, endothermic electrode plates, P-type thermoelectric elements and 
radiation electrode plates that are placed in this order in a ring shape. An endothermic heat 
exchanger coupled with said endothermic electrode plates so that heat is transmitted thereto is 
arranged to protrude to one side along an axial line of said ring-shaped thermoelectric 
converter unit. A radiation heat exchanger coupled with said radiation electrode plates so that 

10 heat is transmitted thereto is arranged to protrude to an opposite side from said endothermic 
heat exchanger along the axial line of said ring-shaped thermoelectric converter unit. The 
electrode plates constituting the endothermic and radiation heat exchangers respectively 
include fan blades. The thermoelectric converter is arranged to spin around the center of the 
ring. 

15 Operation 

In the above-arranged thermoelectric converter, the endothermic and radiation heat 
exchangers are provided in both sides along the axial line of the ring-shaped thermoelectric 
converter unit. Since these heat exchangers respectively consists of the fan blades, when the 
thermoelectric converter unit spins around its axial line, cooling air is generated in an area in 

20 which the endothermic heat exchanger is situated, whereas heated air is generated in an area in 
which the radiation heat exchanger is situated. Namely, the thermoelectric converter unit can 
effectively remove the heat from the endothermic and radiation electrode plates without using a 
member such as insulation boards to hinder thermal conduction, allowing better heat 
exchanging efficiency. In addition, this arrangement allows heat exchange of the cooling and 

25 heated air without requiring a specially provided ventilation mechanism. 
Preferred Embodiments of the Invention 

In the following, a first preferred embodiment of the invention is described in 
reference to drawings. Figs. 1 and 2 show an arrangement of a thermoelectric converter unit 1 1 
in the preferred embodiment. This thermoelectric converter unit 1 1 consists of plural N-type 

30 thermoelectric elements 121, 122..., endothermic electrode plates 131, 132..., P-type 
thermoelectric elements 141, 142... and radiation electrode plates 151, 152..., wherein these 
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elements are alternately stacked in the above-described order in a ring shape. A space between 
each of the thermoelectric elements and the electrode plate is electrically conducted by 
soldering. 

A radiation electrode plate 15n situated between the juxtaposing N-type thermoelectric 
5 element 121 and the P-type thermoelectric element 14n is constituted by two metal plates. An 
insulation layer 16 is provided between N-type thermoelectric element 121 and the P-type 
thermoelectric element 14n, whereby these elements are electrically insulated 

As seen in the electrode 17 as one example in Fig. 3, each electrode 131, 132... and 
151, 152... is arranged to have a fan blade 171 constituting a blade of ventilation blades. On a 
1 0 surface of this fan blade 171, a N-type or a P-type thermoelectric element 1 8 is soldered. 

The above-arranged endothermic electrode plates 131, 132... and the radiation 
electrode plates 151, 152... extend to an opposite direction from each other along an axial line 
of the ring-shaped thermoelectric converter unit 1 1 in Fig. 1 . One end surface of those 
electrode plates, for example, 151, 152... are coupled with a circular side plate 19 that is made 
15 of a resin insulation element, for example. Although it is not particularly depicted in these 
drawings, each end surface of the endothermic electrode plates 131, 132... may be coupled 
with the circular side plate made of such resin insulation element. The above-describe, the 
cylindrical thermoelectric converter unit 1 1 containing the fan blades is driven by a motor 20. 

Furthermore, two-tiered electrodes 21 and 22 that are insulated from each other are 
20 formed in an outer periphery of the circular side plate 19, wherein brushes 23 and 24 are 
arranged to contact to electrodes 21 and 22 respectively. Although not shown in the drawing, 
the electrodes 21 and 22 are respectively electrically connected to two metallic plates across 
the insulating layer 16 of the radiation electrode plate 15n. The brushes 23 and 24 are 
respectively connected to positive and negative terminals of a direct current power source, 
25 whereby direct current is arranged to flow toward the N-type thermoelectric element 121 
through one of the metallic plates of the radiation electrode plate 15n. 

At an outer periphery of the ring-shaped thermoelectric converter unit 1 1 , a ventilation 
guide 25 is formed. When the thermoelectric converter unit 11 is rotated by the motor 20, an 
air flow is generated by the fan blades formed in each electrode 131, 132... and 151, 152... as 
30 shown in arrows in the drawing. 

In the above-described thermoelectric converter unit, when the direct current is 
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applied toward the N-type thermoelectric element 121 through the two metallic plates of the 
radiation electrode plate 15n, temperature at N-P junction of the endothermic electrode plates 
131, 132,.. for which the electric current flows from the N-type thermoelectric elements 121, 
122... toward the P-type thermoelectric elements 141, 142... is reduced due to Peltier effect. 
5 Conversely, temperature at P-N junction of the radiation electrode plates 1 5 1 , 1 52 ... for which 
the electric current flows from the P-type thermoelectric elements 141, 142. ..toward the N- 
type thermoelectric elements 121, 122... is elevated. Therefore, at the fan blade parts formed 
in each of these endothermic electrode plates 131, 132... and the radiation electrode plates 151, 
152..., heat exchange takes place between the cold air and hot air. Thereby, cooled air and 
1 0 heated air are sent out through the ventilation guide 25 . 

The air flow of the cooled and heated air is generated in a different direction in an 
axial direction of the cylindrical thermoelectric converter unit 11. As shown in Fig. 4, an air 
flow dividing guide 26 is mounted in a position corresponding to a position in which the 
thermoelectric converting elements are placed, whereby the cooled and heated air are divided 
1 5 by the air flow dividing guide 26. 

As mentioned above, in the above-described thermoelectric converter unit 11, the N- 
type thermoelectric elements 121, 122..., the P-type thermoelectric elements 141, 142..., the 
endothermic electrode plates 131, 132. ..and the radiation electrode plates 151, 152... that are 
provided in each of the above elements are arranged to form an endothermic heat exchanger 
20 and a radiation heat exchanger. Therefore, there is no need to provide an unnecessary heat 
conduction means such as insulation plates between the radiation electrode plates and the 
endothermic electrode plates of which temperature is reduced or elevated due to Peltier effect, 
whereby heat transfer resistance between the heat exchanging parts can be minimized. This 
allows high thermoelectric conversion efficiency. In addition, the electric current flows toward 
25 the direction where the N-type thermoelectric elements 121, 122..., the P-type thermoelectric 
elements 141, 142... are stacked to each other. Thus, a cross-sectional area of the current flow 
in the endothermic electrode plates 131, 132. ..and the radiation electrode plates 151, 152... 
that are provided in each of the above elements can be increased. Furthermore, the current is 
applied at a distance corresponding to a thickness of each electrode plate. Therefore, a loss of 
30 resistance electricity and resulted Joule heat generated thereby can be greatly reduced. 

In addition, the endothermic electrode plates 131, 13 2... and the radiation electrode 
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plates 151, 152... respectively include the fan blades. Since the heat exchange of the air can be 
performed by spinning this cylindrical thermoelectric converter unit 11, there is no need to 
provide a separate ventilator, allowing a small-sized heat exchange system. 

The above-described preferred embodiment employs the single-tiered thermoelectric 

. 5 converter unit in which the N- and P-type thermoelectric elements are arranged in the ring- 
shaped. It is also possible to employ double- or multiple-tiered converter units. 

Figs. 5 and 6 show a second embodiment employing two-tiered thermoelectric 
converter units 111 and 112. As shown in Fig. 6, thermoelectric converter units 111 and 112 in 
which the N- and P-type thermoelectric elements are alternately stacked in the ring shape are 

10 co-axially mounted, whereby both units are driven by the motor 20. Then, the endothermic 
electrode plates 131, 13 2... provided for the converter unit 111 and the radiation electrode 
plates 151, 152... provided for the converter unit 112 are disposed outwardly. In addition, the 
radiation electrode plate of the converter unit 1 1 1 and the endothermic electrode plate of the 
converter unit 112 are constituted by common electrode plates 311, 312 and so forth. 

15 Furthermore, the insulation layer 16 is provided between the radiation electrode plates 15n of 
the thermoelectric converter unit 112, while an insulation layer 161 is provided between 
endothermic electrode plates 13n. The two metallic plates of the radiation electrode plates 15n 
of the converter unit 112 are connected to the electrodes 21 and 22 formed in the circular side 
plate 19. 

20 Namely, the direct current power source is connected as shown in Fig. 6, whereby the 

direct current flows inside the converter unit 112 as shown in arrows. In addition, the direct 
current flows inside the converter unit 111 through the electrodes 311, 312... Therefore, the 
temperature of the endothermic electrode plates 131, 132... of the thermoelectric converter 
unit 111 is reduced, while the temperature of the radiation electrode plates 151, 152... of the 

25 thermoelectric converter unit 112 is elevated. Furthermore, the temperature of the electrode 
plates 311, 312... in a vicinity of the converter unit 111 is higher while the temperature of the 
electrode plates 311, 312... in a vicinity of the converter unit 112 is low. The heat is 
transmitted as shown in the arrows in this drawing. 

According to the above-arranged thermoelectric converter, the temperature of the 

30 endothermic electrode plates 13 1 , 132. . .is low, while the temperature of the radiation electrode 
plates 151, 152 is high. Moreover, the temperature in the electrode plates 311,312... disposed 
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between the above electrode plates is somewhere in the middle of the low and high 
temperatures, whereby three different levels of the temperatures are provided. 

In this preferred embodiment, the endothermic electrode plates 13n constituting the 
thermoelectric converter unit 111 is arranged to have the insulation layer 161. It is also 
5 possible that this electrode plates 13n are sandwiched by insulating thermoelectric elements. 
Furthermore, the electrode plates 131, 132... may be arranged to insulate between the 
converter units 1 1 1 and 112, except the ones before and after the electrode plate 13n. 
Effects of the Invention 

As has been mentioned in the foregoing, the thermoelectric converter in the present 
10 invention can improve the thermoelectric conversion efficiency with a small and simple 
structure. In particular, it is able to generate cooled and heated air without providing a special 
ventilation mechanism, whereby each type of heat exchanging system is effectively arranged, 
allowing a simple structure of the air ventilation system. 
Brief Description of Drawings 
1 5 Fig. 1 is a perspective view of the first preferred embodiment of the thermoelectric 

converter in the present invention. 

Fig. 2 is a side view of the thermoelectric converter. 

Fig. 3 is a detailed view of one electrode plate. 

Fig. 4 illustrates the air flow dividing structure. 
20 Fig. 5 is a perspective view of the second preferred embodiment of the thermoelectric 

converter in the present invention. 

Fig. 6 is a developed view of the second preferred embodiment of the thermoelectric 
converter in the present invention. 

Fig. 7 shows a thermoelectric converter in the prior art invention. 
25 Description of Reference Numerals 

11,111,112: thermoelectric converter units 
121, 122...: N-type thermoelectric conversion elements 
131, 132...: endothermic electrode plates 
141, 142...: P-type thermoelectric conversion elements 
30 151,152...: radiation electrode plates 
16: insulation layer 
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17: electrode plate 

171: fan blade 
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